Crystal Structure, Vibrational Spectra, Mass Spectrum, Tri-n-butyltin Diphenylphosphinate Tri-/?-butyltin diphenylphosphinate (/?-Bu)3S n 0 2PPh2 has been synthesized by the reaction o f («-B u 3Sn)20 with Ph2POCl in toluene. An X-ray diffraction study of (/?-Bu3) S n 0 2PPh2 shows that the structure is polymeric and consists of helical chains in which (/7-Bu)3Sn groups are linked by O-P-O bridges. The geometry about tin is trigonal bipyramidal, with «-butyl groups in equatorial positions and an axial O -S n -O angle of 176.2 (2)°. IR and Raman spectra of («-B u)3SnÖ2PPh2 are given and assigned. The mass spectrum is reported and discussed.
Introduction
O rganotin compounds have attracted consider able attention as a result of the variety of their industrial applications [1] . Due to their potential biological activity and other possible practical uses, various organotin compounds containing 0 2PR 2 [2 -9 ] and 0 2P (0 R )2 [2, [10] [11] [12] groups were synthesized. Although these compounds are generally assigned a polymeric structure with tin atoms joined by O -P -O bridges, the structures of relatively few have been established by X-ray diffraction methods. Solid Me3S n 0 2PMe2 [13] and Ph3S n 0 2P (0 P h )2 [14] have been shown by X-ray diffraction to have polymeric and cyclic hexameric structures respectively. In both compounds the tin atoms are bonded via O -P -O bridges. The tin atoms have penta-coordinated trigonal bipyrami dal configuration, with methyl or phenyl groups in equatorial positions.
M olecularity measurem ents indicate that («-Bu)3S n 0 2PPh2 is dimeric in benzene solutions at low concentrations [3] , The fungicidal, insectici dal and phytotoxic properties of the title com pound have been tested [2] . We report here an alternative synthesis and the crystal structure of («-Bu)3S n 0 2PPh2. The vibrational spectra and mass spectrum are assigned and discussed.
* Reprint requests to Prof. Dr. Abdel-Fattah Shihada.
Results and Discussion

Synthesis
Tri-n-butyltin diphenylphosphinate crystallizes from the reaction mixture when Ph2POCl is added to an equim olar am ount of (/?-Bu3Sn)20 in tolu ene at room tem perature. The reaction proceeds with unsymmetrical fission of the S n -O -S n bond according to the equation («-Bu3Sn)20 + Ph2POCl -(n-Bu)3S n 0 2PPh2 + («-Bu)3SnCl
We reported previously that (Ph3Sn)20 reacts with R R 'PO C l (R R ' = Ph2, M ePh) and POX3 (X = C1, Br) to give Ph3S n 0 2P R R ' [15] and Ph3S n 0 2PX2 [16] , respectively.
(«-Bu)3S n 0 2PPh2 has also been synthesized by the oxidation of («-Bu)3SnPPh2 [4, 5, 7] , by hy dride exchange reaction between (n-Bu3Sn)20 and Ph2P (0 )H [6] , and by treatm ent of Ph2P 0 2H with (rc-Bu3Sn)20 [2, 5] or (n-Bu)3SnH [3] .
A n auto-associated structure with penta-coordi nated tin atoms and O -P -O bridges has been proposed for (n-Bu)3S n 0 2PPh2 on the basis of 119Sn, 31P NM R and 119Sn M össbauer studies [17] . Table I lists the observed IR and Raman fre quencies of («-Bu)3S n 0 2PPh2, with the relative in tensities and assignments. The frequencies of the (/t-Bu)3Sn group are as signed by comparison with the vibrational spectra of (/i-Bu)3SnCl [18] and (/t-Bu)3Sn containing compounds [19] . The assignment of 0 2PPh2 fre quencies is done by analogy with those reported for Ph3S n 0 2PPh2 [15] . The vibrational spectra of the title compound show vas( P 0 2) at 1148 cm "1 (IR) and vs( P 0 2) at 1048 cm -1 (IR), 1052 cm -1 (Raman). The positions of these bands are consis tent with bidentately bonded 0 2PPh2 groups. Monodentate 0 2PPh2 groups show the v(P = 0) fre quency > 1200 cm -1 and v (P -0 ) < 1000 cm -1.
Vibrational spectra
The IR spectrum of Ph3S n 0 2PPh2, for which a polymeric structure is proposed, exhibits vas( P 0 2) at 1153 cm -1 and vs(P 0 2) at 1058 cm -1 [15] . These vibrations are close to the correspon ding frequencies in the vibrational spectra of (n-Bu)3S n 0 2PPh2, which is in agreem ent with the structural similarity of both compounds.
The vas(SnC3) frequency for (n-Bu)3S n 0 2PPh2 is assigned at 539 cm "1 (IR), 535 cm " 1 (Ram an). The Raman band at 512 cm -1 is attributed to vs(SnC3). The absence of the band due to vs(SnC3) in the IR spectrum is in accord with a planar SnC3 group with D 3h local symmetry (vs(SnC3) A 'i in D 3h symmetry is IR inactive). The IR spectra of (n-Bu)3S n 0 2PPh2 and Ph3S n 0 2PPh2 [15] show a strong band at 554 and 549 cm -1 respectively, while no band appears between 500 and 600 cm -1 in the vibrational spectra of Ph3S n 0 2PMe2 [15] . Accordingly, the band at 554 cm -1 in the IR spectrum of (n-Bu)3S n 0 2PPh2 is ascribed to the (5(CH) out-of-plane vibration of PPh2 group.
M a ss sp e c tru m
The E l mass spectrum (70 eV) of (n-Bu)3S n 0 2PPh2 shows the following ions The parent molecular ion («-Bu)3S n 0 2PPh2 is a b s e n t, but the mass spectrum exhibits the m olec ular ion minus a butyl radical (Bu2S n 0 2PPh2) as a base peak. Similarly, the even electron ions Ph2S n 0 2P R R '+ (R R ' = Me2, MePh, Ph2), R 2SnS2PEt2 (R = Cy, Ph) and Ph2SnS2PM e2 + re present the base peaks in the mass spectra of Ph3S n 0 2PR R ' [15] , R 3SnS2P E t2 [20] and Ph3SnS2PMe2 [21] , respectively. The mass spectrum of («-Bu)3S n 0 2PPh2 shows a SnPh+ (21) fragment in considerable abundance arising from phenyl group rearrangem ent, while the spectrum exhibits SnBu+ (3) with low intensity. On the other hand, the SnPh+ (18) fragment appears in the mass spectrum of Ph3S n 0 2PM e2 in higher abundance relative to the rearrangem ent SnM e+ ion (4) [15] .
These observations can be explained in term s of the greater strength of the S n -P h bond as com pared with the Sn-alkyl bond. The easier cleavage of the Sn-alkyl bond relative to the S n -P h bond has been previously observed in the mass spectra of phenylalkyltin compounds [22, 23] . Fig. 1 shows that like other polymeric trialkyltin compounds, tri-/i-butyltin diphenylphosphinate is significantly helical [13] , with the -S n -O -P -Obackbone coiled around a crystallographic 2 X axis. The identity period in this direction, which is par allel to the b axis of the unit cell, is 1183 pm, which is relatively long for a helical -S n -O -P -Ochain [13] . Comparison of the internal coordinates along the chain (see Table II for selected intram o lecular atomic distances and bond angles), with those of known structures [13] does not reveal any special feature to account for the elongation. A p parently the torsional angles, which are strongly influenced by the sterical behaviour of the substit uents at the tin and phosphorus atoms, are vari able over a wide range, thus being the reason for more or less stretched projections of the chain on the corresponding cell axes.
Crystal structure o f (n-Bu)3SnO 2PPh2
The carbon atoms of the /i-butyl groups lie essentially in the equatorial plane of the D 3h coor dination sphere of the tin atom (largest deviation from the "best plane" 36 pm), whereas in most known structures of tri-jj-butyltin compounds, with penta-coordinated tin atoms, the butyl groups rather tend to arrange in a non-planar manner [24] [25] [26] ,
Experim ental Details
General comments
The IR spectra were obtained with a B ruker in strum ent IFS88 equipped with KBr and polyethyl ene windows; Nujol mulls were used. The Raman spectra were recorded with a Dilor XY multichan nel system instrum ent with 514.4 nm excitation of 10-40 mW power. Mass spectra were recorded on a Varian MAT CH 7A instrum ent (E l 70 eV).
(/7-Bu3Sn)20 and Ph2POCl were commercial products (Fluka) and were used without further purification. Table III 
Preparation o f (n-Bu)3S n 0 2PPh2
Ph2POCl (1.19 g, 5.0 mmol) was added to a solu tion of (/7-Bu3Sn)20 (3.0 g, 5.0 mmol) in 20 ml of toluene at ambient tem perature. The reaction mixture was kept for 5 d at room tem perature. The white crystals of (rt-Bu)3S n 0 2PPh2 which sepa rated from the reaction mixture were filtered off, washed with ether and dried in vacuum. The yield of («-Bu)3S n 0 2PPh2 was 2.17 g (85%).
Analysis: C24H 370 7 PSn (507. 27) Calcd" C 56.83 H 7.35% , Found C 56.79 H 7.53%.
Crystal structure determination and refinement
From Table III data for the crystal and experi mental param eters can be taken. The exact unit cell dimensions were determ ined from a set of 19 reflections with 9.9° < 6 < 18.0°. Structure solution was accomplished by direct methods [28] , succes sive difference Fourier syntheses with subsequent least-squares refinement. The structure determi- nation showed the assumed space group V 2xln to be correct. In the final stage of refinem ent the hy drogen atoms were introduced as part of rigid groups CH2 and C H 3 with tetrahedral geometry, and C6H 5 with regular hexagonal array. Aniso tropic treatm ent of all atoms but hydrogen gave a final conventional /lv a lu e of 0.058. Weighted Rvalues resulting from refinem ent against F2 [29] using all data are w R 2 (I> 2 a (I)): 0.15 and wR2 (all data): 0.21 (See Table III )*. Atomic coordi nates and equivalent tem perature values for the non-hydrogen atoms are listed in Table IV . All thermal param eters U ü of all atoms appear signifi cantly enlargened compared with the expected values of corresponding compounds [13, 14, 25] . Such an observation has been made earlier in Me3S n 0 2PMe2 [13] and (n-Bu)2S n (0 2CC6H 4N H 2)2 [31] . The presence of a thermal motion effect can be excluded according to an additional m easurem ent at -6 0 °C which gives the same results as at room tem perature.
* Further information may be obtained from: Fachinformationszentrum Karlsruhe Gm bH , D-76344 Eggenstein-Leopoldshafen (FR G ), by quoting the deposi tory number CSD 401942, the names of the authors, and the journal citation.
